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Hormone-stimulated Ca21 reabsorption in rabbit kidney cortical col- Using isolated perfused tubules, a mediatory role of
lecting system is cAMP-independent and involves a phorbol ester- cAMP in PTH-stimulated Ca21 reabsorption was postu-
insensitive PKC isotype.
lated [3]. Recent studies have provided evidence thatBackground. Hormones such as parathyroid hormone (PTH), argi-
nine vasopressin (AVP), and prostaglandin E2 (PGE2) are generally Ca21 reabsorption in rabbit connecting and cortical col-
believed to act through cAMP to stimulate active Ca21 reabsorption lecting tubules may also be stimulated by prostaglandin
in the distal part of the nephron.
E2 (PGE2) and the neurohypophyseal hormone, arginineMethods. This study investigates the relationship between intracellu-
lar cAMP levels and the rate of Ca21 reabsorption in immunodissected vasopressin (AVP) [4, 5]. In agreement with the postu-
rabbit connecting and cortical collecting tubules cultured to confluence lated second-messenger function of cAMP, the stimula-
on permeable supports.
tory action of these two hormones was paralleled byResults. Basolateral PTH, AVP, and PGE2 and apical adenosine
dose dependently increased Ca21 reabsorption from 48 to 110 nmol · increased cAMP accumulation.
hr21 · cm22. Measurement of intracellular cAMP levels revealed that The classic concept that cAMP stimulates Ca21 reab-
in the case of PTH and AVP, the dose–response curve for the increase
sorption comes from the observation that membrane-in cAMP virtually matched that for transcellular Ca21 transport. By
contrast, with PGE2, this curve was shifted two decades to the right, permeable cAMP analogues or the adenylyl cyclase acti-
whereas in the case of adenosine, no increase in cAMP was observed. vator forskolin mimics the stimulatory effect of the pre-The results with the latter two hormones disagree with the classic
viously mentioned hormones [3–6]. However, it shouldconcept that Ca21 reabsorption is stimulated via a cAMP-dependent
mechanism. Furthermore, the potent adenylyl cyclase inhibitor 29,59- be noted that these drugs are often added at concentra-
dideoxyadenosine (DDA; 100 mm) suppressed the PTH- and AVP- tions leading to pharmacological rather than physiologi-induced increase in cAMP completely without affecting Ca21 reabsorp-
cal activation of protein kinase A (PKA). It has beention. Similarly, concentrations of PGE2, which maximally stimulated
Ca21 reabsorption without increasing cAMP, were not inhibited by demonstrated that in certain tissues the high levels of
DDA. The specific protein kinase C (PKC) inhibitor chelerythrine (5 cAMP that are associated with this type of activationmm) inhibited PTH-, AVP-, PGE2-, and adenosine-stimulated Ca21
lead to nonspecific activation of other kinases [7]. Inreabsorption by 77%, 67%, 79%, and 100%, respectively. Down-regu-
lation of phorbol ester–sensitive PKC isotypes by prolonged (120 hr) contrast to the classic concept, we recently demonstrated
treatment with 0.1 mm 12-O-tetradecanoylphorbol 13-acetate did not that the adenosine A1 receptor agonist N 6-cyclopenthyl-interfere with the inhibitory action of chelerythrine on hormone-stimu-
adenosine stimulates Ca21 reabsorption in primary cul-lated Ca21 transport.
Conclusion. PTH, AVP, PGE2, and adenosine stimulate Ca21 reab- tures of rabbit connecting tubule (CNT) and cortical
sorption via a pathway that is independent of cAMP and that involves collecting duct (CCD) without detectably increasing thea phorbol ester–insensitive PKC isotype.
formation of cAMP [6]. This finding shows for the first
time that Ca21 reabsorption can be stimulated in a
cAMP-independent fashion.Parathyroid hormone (PTH) is the major regulator of
In A6 cells, evidence has been provided that neitherCa21 reabsorption in the distal part of the nephron [1–3].
adenosine- nor AVP-stimulated Na1 reabsorption is me-
diated by cAMP [8, 9]. Based on the observation that
the stimulatory effects of AVP and adenosine were abol-Key words: cortical collecting duct, parathyroid hormone, vasopressin,
prostaglandin E2, adenosine, chelerythrine, 29,59-dideoxyadenosine ished by protein kinase C (PKC) inhibitors and intracel-
lular Ca21 buffers, a role for both Ca21 and PKC in theReceived for publication April 24, 1998
mechanism of action of these hormones was postulatedand in revised form July 22, 1998
Accepted for publication July 27, 1998 [8–10]. In a previous study, we demonstrated that buff-
ering of the adenosine-evoked transient increase in cyto- 1999 by the International Society of Nephrology
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solic Ca21 did not affect the stimulatory effect of this DDA was purchased from Biomol (Plymouth Meeting,
hormone on Ca21 transport [6]. However, we did not PA, USA), and chelerythrine was from Research Bio-
investigate the effect of PKC inhibitors. chemicals International (Ko¨ln, Germany). All other chem-
PKC is a ubiquitous enzyme that, among other things, icals, including adenosine, [Arg8]AVP, bovine PTH,
is critical in the regulation of ion and water transport in TPA, and 3-isobutyl-1-methylxanthine (IBMX) were ob-
the kidney [11–14]. Presently, 11 isotypes of PKC have tained from Sigma (Vienna, Austria). Stock solutions of
been identified in mammalian tissues that differ in enzy- adenosine, chelerythrine, DDA, and IBMX were pre-
mological properties, tissue expression, and intracellular pared in dimethylsulfoxide, whereas AVP and PGE2
localization [15]. These isotypes are classified into three were dissolved in distilled water and ethanol, respec-
groups: (a) classic PKCs, including a, bI, bII, and g, tively. All stock solutions were stored at 2208C. Final
which can be activated by diacylglycerol and are Ca21 vehicle concentrations never exceeded 0.1% (vol/vol)
dependent; (b) novel PKCs, including d, e, h, m, and u, and were added in the control situation.
which can also be activated by diacylglycerol but are
Ca21 independent; and (c) the atypical PKCs, including Primary cultures of rabbit kidney cortical
z and i, the mechanism of activation of which is presently collecting system
unknown. In contrast to the classic and novel PKCs, the
Rabbit kidney connecting and cortical collecting tu-atypical PKC isotypes are phorbol ester insensitive and
bules were immunodissected from kidney cortex of Newtherefore not down-regulated during prolonged phorbol
Zealand white rabbits (,0.5 kg) with antibody R2G9ester treatment. Presently, the a, e, h, u, and z isotypes
and set in primary culture on permeable supports (0.33of PKC have been identified in rabbit CCD, whereas the
cm2; Costar, Cambridge, MA, USA) as previously de-presence of PKC g remains controversial [14, 16–18].
scribed in detail [19]. The culture medium was a 1:1 mix-We previously demonstrated that short-term activa-
ture of Dulbecco’s modified Eagle’s medium and Ham’stion of PKC by the phorbol ester 12-O-tetradecanoyl-
F12 medium (Gibco, Paisley, UK) supplemented withphorbol 13-acetate (TPA) resulted in immediate inhibi-
5% (vol/vol) decomplemented fetal calf serum, 50 mg/mltion of Ca21 transport in primary cultures of rabbit CNT
gentamicin, 10 ml/ml nonessential amino acids (Gibco),and CCD [11]. Of note, Ca21 transport was measured in
5 mg/ml insulin, 5 mg/ml transferrin, 50 nm hydrocorti-the absence of an inhibitor of cyclo-oxygenase activity.
sone, 70 ng/ml PGE1, 50 nm Na2SeO3, and 5 pm triiodothy-Under this condition, Ca21 transport was maximally stim-
ronine equilibrated with 5% CO2–95% air at 378C. Allulated by endogenously produced prostanoids [4]. This
experiments were performed with confluent monolayersdemonstrates that short-term activation of PKC by TPA
inhibits Ca21 transport by inhibiting the stimulatory ac- between five and eight days after seeding the cells. Trans-
tion of these prostanoids. TPA inhibition was found to epithelial potential difference and resistance were rou-
be reversed on prolonged phorbol ester treatment leading tinely checked before and after every experiment to con-
to a marked decrease of total PKC activity [11]. Western firm confluence and intactness of the monolayer.
blot analysis revealed a decrease of PKC a and PKC e,
whereas PKC z remained unchanged [18]. This leaves Determination of transcellular Ca21 transport
the possibility that phorbol ester–insensitive PKC iso- Confluent monolayers of rabbit cortical collecting sys-
types are involved in hormone-stimulated Ca21 transport. tem cells, grown on permeable filters, were washed twice
The aim of this study was to assess the role of cAMP and preincubated in physiological salt solution (PSS)
and PKC in hormone-stimulated Ca21 reabsorption. To containing 140 mm NaCl, 2 mm KCl, 1 mm K2HPO4, 1 mmthis end, primary cultures of rabbit CNT and CCD cells MgCl2, 1 mm CaCl2, 5 mm glucose, 5 mm L-alanine, 5 mmwere stimulated in the absence and presence of the ade-
indomethacin, and 10 mm HEPES/Tris pH 7.4) for 15
nylyl cyclase inhibitor 29,59-dideoxyadenosine (DDA)
minutes at 378C. Subsequently, the monolayers were in-in order to correlate cAMP levels and rates of Ca21
cubated in PSS, 100 ml apical and 600 ml basolateral,reabsorption. In addition, the involvement of PKC was
for another 90 minutes to measure transepithelial Ca21studied using the potent PKC inhibitor chelerythrine and
transport. Drugs and hormones were added to either thedown-regulation of phorbol ester–sensitive PKC isotypes
apical or basolateral compartment, as indicated in theby prolonged treatment with TPA.
text. At the end of the incubation period, 25 ml samples
were removed in triplicate from the apical compartment
METHODS and assayed for Ca21 concentration using a colorimetric
Materials assay kit (Boehringer). Under these experimental condi-
tions, net apical-to-basolateral Ca21 transport was linearCollagenase A and hyaluronidase were obtained from
with time for at least three hours [19]. Ca21 reabsorptionBoehringer (Mannheim, Germany), and the cAMP assay
system was from Amersham (Buckinghamshire, UK). is expressed in nmol · hr21 · cm22.
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Determination of intracellular cAMP levels Differential effects of PTH, AVP, PGE2, and
adenosine on intracellular cAMPTo assess the effects of hormones and drugs on intra-
cAMP measurements were performed in the absencecellular cAMP levels, confluent monolayers were washed
of an inhibitor of cyclic nucleotide phosphodiesteraseand preincubated in PSS, after which hormones and
activity to assess the effect of hormonal stimulation ondrugs were added to either the apical or basolateral com-
the intracellular cAMP concentration. The stimulatorypartment as indicated in the text. At 15 minutes, both
effects of PTH and AVP on Ca21 transport were accom-the apical and basolateral mediums were discarded. Sub-
panied by dose-dependent increases in cellular cAMPsequently, the filter was excised and rapidly transferred
level (Fig. 1 A, B). PTH maximally increased cAMP 17-to 500 ml 5% (wt/vol) ice-cold trichloroacetic acid to
fold over basal levels. The maximal value reached withterminate generation and breakdown of cAMP. After
AVP was approximately 10-fold higher than that ob-three cycles of freezing and thawing, samples were centri-
tained with PTH. By contrast, the stimulatory effects offuged at 12,000 3 g to remove precipitated material, and
PGE2 and adenosine were not paralleled by an increasetrichloroacetic acid was repeatedly extracted with water-
in intracellular cAMP concentration (Fig. 1 C, D). Withsaturated diethylether. The aqueous phase was blown
PGE2, a slight increase in cAMP (approximately three-to dryness with nitrogen, after which the residue was
fold over basal; N 5 3) was achieved at a relatively highdissolved in 500 ml sodium acetate buffer (50 mm, pH
concentration of 1 mm. With adenosine, no increase in6.2). Samples and standards were acetylated [4], and the
cAMP was observed.cAMP content was determined by radioimmunoassay
(cAMP[125I] assay system from Amersham). Unless indi- Role of cAMP in hormone-stimulated
cated otherwise, cAMP measurements were performed Ca21 reabsorption
in the absence of an inhibitor of cyclic nucleotide phos-
To study the role of cAMP in agonist-stimulated Ca21phodiesterase activity to measure intracellular cAMP
reabsorption, the monolayers were pretreated (15 min)levels rather than adenylyl cyclase activity.
with the adenylyl cyclase inhibitor DDA, which binds
to the “P” site of the catalytic subunit of the enzymeStatistics
[20]. DDA (100 mm) completely inhibited the increase
In all experiments, the data are expressed as the mean 6
in cAMP in response to basolateral stimulation with 0.1
sem of at least three independent preparations. Overall
mm PTH (Fig. 2A). Similarly, the inhibitor virtually abol-
statistical significance was determined by analysis of vari- ished the AVP (10 nm)-induced increase in cAMP by
ance. In the case of significance, individual groups were 98% (Fig. 2C). DDA did not influence the stimulatory
compared by contrast analysis according to Scheffe´. P effects of PTH (Fig. 2B) and AVP (Fig. 2D) on transcel-
values of less than 0.05 were considered significant. lular Ca21 transport. Figure 2F shows that DDA did
not interfere with Ca21 transport in response to a PGE2
concentration (10 nm) that did not detectably increaseRESULTS
cAMP (Fig. 2E). The inhibitor alone had no effect on
Stimulation of transcellular Ca21 transport by PTH,
Ca21 transport and intracellular cAMP (44 6 3 vs. 47 6
AVP, PGE2, and adenosine 4 nmol Ca21 · hr21 · cm22 and 0.38 6 0.02 vs. 0.42 6
Primary cultures of rabbit connecting and cortical col- 0.02 pmol cAMP · filter in control and DDA-treated
lecting tubules, grown to confluence on permeable sup- monolayers, respectively).
ports and incubated in the absence of any added stimulus,
Dissociation between intracellular cAMP level andexhibited a net apical-to-basolateral Ca21 flux of 48 6 3
Ca21 transport ratenmol · hr21 · cm2 (N 5 6) (Fig. 1). When applied to the
basolateral side of the monolayer PTH stimulated the The data presented in Figure 3 show that 0.1 nm AVP
transcellular Ca21 transport dose dependently to a maxi- alone markedly increased cAMP without significantly
mal value of 248 6 8% (N 5 6; Fig. 1A). The EC50 was affecting Ca21 transport. By contrast, 10 nm AVP in-
calculated to be 9 nm. Similar to PTH, AVP (basolateral; creased cAMP considerably less but maximally stimu-
EC50 5 0.5 nm), PGE2 (basolateral; EC50 5 3 nm), and lated Ca21 transport in DDA-treated monolayers.
adenosine (apical; EC50 5 0.5 mm) increased Ca21 trans-
Inhibition of cAMP-stimulated Ca21 reabsorptionport dose dependently (Fig. 1 B–D). Maximal values of
by DDA238 6 6% (N 5 6), 249 6 4% (N 5 3), and 227 6 6%
(N 5 3) were obtained with AVP, PGE2, and adenosine, The ability of cAMP by itself to increase Ca21 trans-
respectively. The maximal transport values reached with port was demonstrated by means of the inhibitor of cyclic
the different hormones were not significantly different nucleotide phosphodiesterase activity, IBMX (100 mm).
IBMX readily increased both cellular cAMP (Fig. 4A)(P . 0.2).
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Fig. 1. Dose-dependence of the stimulatory effects of PTH, AVP, PGE2 and adenosine on Ca21 reabsorption and intracellular cAMP levels. Ca21
reabsorption (j) and intracellular cAMP concentration (h) were measured in the presence of the indicated concentrations of basolateral PTH
(A), AVP (B), PGE2 (C) and apical adenosine (D). Ca21 transport and cAMP levels were measured at 90 and 15 minutes, respectively, following
the onset of stimulation. The data presented are the mean of at least 3 independent experiments. For reasons of clarity sem values were omitted
but never exceeded 5%.
and transcellular Ca21 transport (Fig. 4B). In contrast to 18]. Figure 5B shows that the responses to PTH, AVP,
PGE2, and adenosine were not significantly altered fol-the stimulatory effects of PTH, AVP, and PGE2 on Ca21
transport, that of IBMX was completely inhibited by lowing this treatment. Similarly, IBMX-stimulated Ca21
DDA. The inhibitory effect of DDA on IBMX-stimu- transport was not affected, and also basal Ca21 transport
lated Ca21 transport was paralleled by complete (P . was not changed. Interestingly, despite this treatment,
0.2) inhibition of the increase in cellular cAMP. chelerythrine was still able to markedly inhibit the stimu-
latory effects of the hormones. Again, IBMX-stimulated
The role of protein kinase C in hormone-stimulated Ca21 transport was not changed by the PKC inhibitor.
Ca21 reabsorption It should be noted that in both untreated and TPA-
The role of PKC in hormone-stimulated Ca21 reab- treated monolayers, inhibition was complete in the case
sorption was investigated by means of the selective PKC of adenosine and PGE2, whereas PTH- and AVP-stimu-
antagonist chelerythrine, a benzophenanthridine alka- lated Ca21 transport, although drastically reduced, were
loid that exhibits an apparent Ki for PKC of 0.7 mm in still significantly (P , 0.05) increased as compared with
rat brain homogenate (Ki values for other kinases is the corresponding unstimulated control (basal).
more than 100 mm) [21]. Preliminary experiments re- Chelerythrine did not affect the increase in cAMP in
vealed that chelerythrine dose-dependently inhibited IBMX- or AVP-treated monolayers (Fig. 5C). Impor-
AVP-stimulated Ca21 transport at concentrations similar tantly, the latter finding excludes the possibility that chel-
to those that inhibit the purified enzyme in vitro (data erythrine inhibited AVP-stimulated Ca21 transport by
not shown). Maximal inhibition was achieved at 5 mm. reducing AVP-induced cAMP formation.
Figure 5A shows that chelerythrine (5 mm; both sides)
markedly inhibited PTH- (100 nm), AVP- (10 nm),
DISCUSSIONPGE2- (10 nm), and adenosine- (10 mm) stimulated Ca21
This study provides evidence that PTH, AVP, PGE2,transport by 77%, 67%, 79%, and 100%, respectively
and adenosine act by a cAMP-independent mechanism,(P , 0.05; N 5 3). By contrast, the inhibitor did not
involving a phorbol ester–insensitive PKC isotype, tointerfere with the stimulatory action of IBMX (107 6 2
stimulate Ca21 reabsorption in CNT and CCD. This con-vs. 100 6 9 nmol · hr21 · cm22; N 5 5; P . 0.2). The
clusion is based on the following observations: (a) PGE2-drug did not alter basal Ca21 transport (45 6 1 vs. 48 6
and adenosine-stimulated Ca21 transport was not paral-1 nmol · hr21 · cm22; N 5 3; P . 0.2). A second approach
leled by a concomitant increase in cellular cAMP; (b)to study the involvement of PKC in hormone-stimulated
abolishment of the PTH- and AVP-induced increase inCa21 reabsorption is to down-regulate phorbol ester–
cAMP by DDA did not interfere with their stimulatorysensitive PKC isotypes by means of prolonged treatment
effect on Ca21 reabsorption; (c) the PKC inhibitor chel-of the monolayers with TPA. In previous studies, we
erythrine markedly reduced hormone-stimulated Ca21provided evidence that these isotypes are down-regu-
lated within 120 hours of TPA (0.1 mm) treatment [11, transport without affecting the hormone-induced increase
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Fig. 2. Effect of DDA on hormone-induced in-
creases in intracellular cAMP level and Ca21 reab-
sorption. Intracellular cAMP concentrations and
Ca21 reabsorption were measured in the presence
of basolateral concentrations of 100 nm PTH (A
and B), 10 nm AVP (C and D) and 10 nm PGE2
(E and F) in the absence (h) and presence (j)
of 100 mm DDA. DDA was added 15 minutes
prior to hormonal stimulation. Ca21 transport and
cAMP levels were measured at 90 and 15 minutes,
respectively, following the onset of stimulation.
The data presented are the mean 6 sem from
three filters. *Significantly different from corre-
sponding controls (P , 0.05).
in intracellular cAMP concentration, (d) the inhibitory of a cyclic nucleotide phosphodiesterase inhibitor [1].
However, we recently demonstrated that the adenosineeffect of chelerythrine was not reversed by prolonged
TPA treatment, indicating the involvement of a phorbol A1 receptor agonist N6-cyclopentyladenosine maximally
increased Ca21 transport without stimulating the accu-ester–insensitive PKC isotype.
The classic concept that cAMP mediates PTH-stimu- mulation of cAMP in primary cultures of rabbit CNT
and CCD [6]. This finding, which suggests that Ca21lated Ca21 reabsorption comes from the observation that
PTH readily increases adenylyl cyclase activity and that transport can be stimulated in a cAMP-independent
manner, prompted us to investigate the correlation be-the stimulatory action of PTH on Ca21 reabsorption is
mimicked by membrane-permeable cAMP analogues or tween intracellular cAMP levels and the rate of Ca21
reabsorption for PTH and other stimulatory hormones.forskolin in isolated perfused nephron segments [3]. The
effect of PTH on adenylyl cyclase activity is routinely The data presented in this study show that PGE2 and
adenosine, notwithstanding their ability to activate ade-measured as the accumulation of cAMP in the presence
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Fig. 3. Dissociation between Ca21 reabsorption
and intracellular cAMP level. Confluent mono-
layers were preincubated in the absence or pres-
ence of DDA (100 mm), and subsequently stimu-
lated with the indicated basolateral concentration
of AVP. DDA was added 15 minutes prior to
hormonal stimulation. Ca21 transport and cAMP
levels were measured at 90 and 15 minutes, re-
spectively, following the onset of stimulation. The
data presented are the mean 6 sem of 6 filters.
*Significantly different from corresponding con-
trol (P , 0.05).
Fig. 4. Effect of DDA on IBMX-stimulated
cAMP formation and Ca21 reabsorption. IBMX
(100 mm)-stimulated cAMP formation (A) and
Ca21 transport (B) were measured in the absence
(h) and presence (j) of DDA (100 mm). DDA
was added 15 minutes prior to hormonal stimula-
tion. Ca21 transport and cAMP levels were mea-
sured at 90 and 15 minutes, respectively, following
the onset of stimulation. The data presented are
the mean 6 sem of 8 filters. *Significantly different
from corresponding control (P , 0.05).
nylyl cyclase [4, 6], do not detectably increase intracellu- action of PTH. DDA virtually abolished the increase in
intracellular cAMP concentration induced by a maximallar cAMP in the absence of a cyclic nucleotide phospho-
diesterase inhibitor while maximally increasing Ca21 AVP concentration (10 nm). As with PTH, Ca21 trans-
port was not affected by the inhibitor. The possibilitytransport. The idea that cAMP is not involved in the
mechanism of action of these two hormones was substan- that this lack of effect of DDA on AVP-stimulated Ca21
transport was due to an incomplete inhibition of thetiated by the finding that the potent adenylyl cyclase
inhibitor DDA did not interfere with PGE2-stimulated increase in intracellular cAMP concentration was ex-
cluded by the finding that 0.1 nm AVP evoked a four-Ca21 transport. The ability of DDA to inhibit low-level
adenylyl cyclase activity was shown by the fact that the times higher increase in intracellular cAMP concentra-
tion without significantly stimulating Ca21 transport. Thedrug completely inhibited the IBMX-induced accumula-
tion of cAMP. latter finding demonstrates that the AVP-induced in-
crease in intracellular cAMP concentration is not neces-In contrast to PGE2 and adenosine, PTH and AVP
readily increased the intracellular cAMP level in the sary for the stimulatory action of the hormone on Ca21
transport.absence of an inhibitor of cyclic nucleotide phosphodies-
terase activity. However, the maximal increase obtained Although these experiments provide convincing evi-
dence that cAMP is not required in hormone-stimulatedwith AVP was at least tenfold higher than that with PTH.
DDA completely inhibited the effect of a maximal PTH Ca21 reabsorption, experiments performed with the cy-
clic nucleotide phosphodiesterase inhibitor IBMX showconcentration (100 nm) on the intracellular cAMP level
without affecting Ca21 transport. This finding suggests that an increase in intracellular cAMP concentration
alone does lead to enhanced Ca21 transport. The speci-that cAMP is also not involved in the mechanism of
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Fig. 5. Effect of chelerythrine on hormone-induced increases in intra-
cellular cAMP level and Ca21 reabsorption in control and TPA-treated
monolayers. Confluent monolayers, treated with vehicle (A) or 0.1 mm
TPA (B) for 120 hours, were preincubated in the absence (h) or pres-
ence (j) of chelerythrine (5 mm; both sides) for 15 minutes and subse-
quently stimulated with 10 nm AVP (basolateral), 100 nm PTH (basolat-
eral), 10 nm PGE2 (basolateral), 10 mm adenosine (ADE; apical) or 100
mm IBMX (both sides). Ca21 transport was measured at 90 minutes
following the onset of stimulation. Except for IBMX (N 5 5), the data
presented are the mean 6 sem from 3 filters. (C) Monolayers were
preincubated in the absence or presence of chelerythrine (5 mm; both
sides) for 15 minutes and subsequently stimulated with 10 nm AVP
(basolateral) or 100 mm IBMX (both sides) for another 15 minutes,
after which cAMP was measured. The data presented are the mean 6
sem from 3 filters. *Significantly different from corresponding control
(P , 0.05). $Significantly different from corresponding unstimulated
control (basal).
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APPENDIX
Ca21 transport. It is tempting to speculate that AVP
AVP, arginine vasopressin; CCD, cortical collecting duct; CNT,increases cAMP in a compartment that does not affect
connecting tubule; DDA, 29,59-dideoxyadenosine; PGE2, prostaglandinCa21 transport, whereas a generalized cellular increase E2; PKA, protein kinase A; PKC, protein kinase C; PSS, physiological
salt solution; PTH, parathyroid hormone; TPA, 12-O-tetradecanoyl-in cAMP, as produced by IBMX, does stimulate Ca21
phorbol 13-acetate.transport.
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